In the 1980s, regulation constrained workers' compensation insurance premiums in the face of rapid growth in loss costs. We develop and test the hypothesis that rate suppression exacerbates loss growth, leading to higher losses and premiums. The empirical analysis using rating class data for eight states for the period 1985-91 confirms that rate suppression, measured by lagged residual-market share of payroll, increased loss growth. The cost-increasing effects are greater in the residual market than in the voluntary market, but premiums increased more rapidly in the voluntary market. The resulting pattern of cross subsidies between and within classes is consistent with a simple model of political influence, with subsidies to high risks and small firms at the expense of low risks and insurer equity. 
I. Introduction
A fundamental prediction of economics is that price controls reduce the supply of the good or service whose price is controlled. In the case of insurance, the most visible effect of price controls is that insurers tighten underwriting standards, reducing the proportion of risks that are offered insurance voluntarily. A less obvious effect is that, since marginal insurance prices reward risk reduction by policyholders, 1 price controls may undermine incentives for loss control and hence may actually increase the losses insured against. Although price controls may thus be counterproductive and generate a deadweight loss, the positive theory of regulation 2 suggests that such negative-sum regulation may persist, at least temporarily, depending on the distribution of gains and losses. This paper tests for these predicted allocative and distributive effects of price * We are grateful for comments from Richard Butler, Bruce Meyer, John Ruser and other participants at seminars at Northwestern University and the American Enterprise Institute and from the editors of this journal. This research was supported by a grant from the American Enterprise Institute. We would also like to thank NCCI for making the data available. The views expressed here are those of the authors, not the research sponsors.
1 See, for example, Steven Shavell, On Liability and Insurance, 13 Bell J. Econ. 120 (1982) . 2 George J. Stigler, The Theory of Economic Regulation, 2 Bell J. Econ. 3 (1971) ; Sam Peltzman, Toward a More General Theory of Regulation, 19 J. Law & Econ. 211 (1976) ; Gary S. Becker, A Theory of Competition among Pressure Groups for Political Influence, 98 Q. J. Econ. 371 (1983) . 4 the journal of law and economics timates are likely to be unreliable both because prior-approval regimes differ across states and because of the dynamic effects of regulation on loss costs. Specifically, if regulation raises premiums and this reduces losses, as Kaestner and Carroll hypothesize, premiums must ultimately be lower in regulated states, unless regulatory capture raises markups over loss costs to implausibly high levels. Similarly, if regulation suppresses premiums, which leads to higher losses, as we hypothesize, premiums must eventually be higher to cover the higher loss costs in regulated states, which may lead to regulatory correction as occurred in the 1990s WC reforms. Thus the estimated cross-sectional relationship between average premiums and a regulatory regime indicator depends critically on the point in the cycle at which the relationship is estimated, which may differ across states at any point in time, exacerbating the intrinsic heterogeneity within type of regulatory regime. More generally, their regulatory capture theory cannot explain the persistence and growth of residual markets over their 1983-90 period.
Barkume and Ruser, using a longer time series, find that states that dropped both prior approval and rate bureau pricing had lower injury rates and lower premiums. They conclude that their results are consistent with two very different theories of regulation. Their cartel theory predicts that regulation raises prices, thereby protecting insurers who are inefficient at loss control, which leads to higher loss costs. Their alternative theory, like ours, hypothesizes that regulation suppresses rates, thereby reducing incentives for loss control, which leads to higher injuries and premiums.
Our approach offers several advantages over these previous studies. First, we measure rate suppression directly by the size of the residual market, instead of inferring rate adequacy from a regulatory regime indicator. Barkume and Ruser concur that this is the best approach to resolve the ambiguity of their findings. Second, by estimating the effects of rate suppression (residual-market share) on loss and premium growth rates, our estimates avoid the ambiguity of crosssectional analysis, that rate suppression tends to lower premiums but the resulting loss increase tends to raise premiums, leading to an ambiguous overall predicted relationship between regulation and premium levels in a single cross section. Third, we estimate effects separately for the residual and voluntary markets, which permits tests for differential effects of regulation on loss and premium growth in the voluntary and residual markets. Fourth, our study is the first to analyze the redistributive effects of regulation between policyholders using classlevel data. A further advantage of our data is that losses, premiums, and rate suppression refer to the same class-level exposure base. Both Barkume and Ruser and Kaestner and Carroll draw premiums and injury rates from different databases, which raises the possibility that difference in sample frame may bias estimates of the differential effects of regulation on premiums and losses.
In this paper, Section II provides background on workers' compensation insurance and prior work. Section III develops our hypotheses on the costincreasing effects of regulation. Section IV describes the data and methodology.
workers' compensation
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Section V reports the analysis of cost growth. Section VI reports the analysis of cross subsidies. Section VII concludes.
II. Background and Previous Studies
A. Workers' Compensation Rating
Regulation of workers' compensation insurance rates in most states historically required all insurers to use the same rates, rating classes, and experience-rating plans. Rate advisory organizations-the National Council of Compensation Insurers (NCCI) in most states-collected loss and expense data from all insurers and used these data to develop and file class-level "advisory rates" on behalf of the industry. Since the 1970s, most states have permitted individual insurers to file for deviations from the advisory rates, generally the same percent for each rating class. In the 1980s and 1990s, advisory rates were replaced by "prospective loss costs," from which insurers can file deviations and add their own expense and profit loading to derive their manual rates, by class. Some states eliminated prior-approval requirements entirely.
An individual employer's actual rate per $100 payroll is a payroll-weighted average of the manual rate for each class employed by the firm, adjusted for experience rating (the employer's own loss experience relative to the class average) and schedule-rating credits/debits based on individual underwriting assessment. Large firms are fully self-rated, medium-sized firms pay a weighted average based on their own experience and class rates, and very small firms pay pure class rates. In addition, insurers may compete through dividends to aboveaverage-risk employers and through service quality. In the 1980s and early 1990s, increasingly stringent regulation of NCCI manual rates led to fewer downward deviations, smaller schedule-rating credits and dividends, and larger residual markets and residual-market deficits.
Residual-market mechanisms provide insurance at regulated rates to firms that cannot obtain coverage in the voluntary market. The most common residualmarket structure assigns policyholders to designated servicing carriers, who service the policy without assuming underwriting risk. Residual-market deficits are usually prorated across all insurers in proportion to their voluntary-market premium in the state. The expected additional residual-market assessment thus acts as an ad valorem tax that is part of the marginal cost of writing new voluntarymarket business. How far this tax can be passed through to policyholders in the voluntary market depends on the regulation and costs of self-insurance, 9 regulation of voluntary-market rates, and residual-market rates that constrain the rates that can be charged in the voluntary market. Even if insurers cannot fully recoup residual-market deficits by pass-through to the voluntary market, insurer exit 6 the journal of law and economics may be slow, given quasi rents on sunk investments in tangible and intangible capital.
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The statutory purpose of rate regulation is to assure that rates are not excessive, inadequate, or unfairly discriminatory. However, the regulatory process may be exploited by politically powerful groups to obtain rates that differ systematically from expected loss costs, conditional on available information. Rate suppression and residual-market mechanisms can generate cross subsidies within and between classes, as well as from insurer capital. This is discussed further in Section VI.
B. Previous Studies
As discussed in the Section I, several previous studies have tested the hypothesis of industry versus consumer capture of the regulatory process on average, using indicator variables for regulatory type (prior approval versus open competition, mandatory bureau rates, and so on). Results have been inconclusive, plausibly because details of structure and implementation of a given regulatory type differ across states and over time and may be endogenous and because most prior studies have ignored the feedback from regulation to losses and ultimately to premiums, which confounds cross-sectional measures of effects of regulation on premiums or loss ratios.
Several studies of the moral hazard effects of weak experience rating have confirmed that higher WC benefits tend to increase the frequency and duration of claims, particularly in firms that are only weakly experience rated.
11 Richard Butler examines the determinants of WC cost growth, focusing on increases in statutory benefits, declines in waiting periods, and demographic changes in the workforce.
12 He concludes that loss growth largely reflects increased claims reporting rather than increased employer or employee risk-taking behavior. Butler and John Worral and Alan Krueger report similar results.
13 These studies do not test for effects of rate suppression on loss growth, which we find to be significant after controlling for benefit structure changes.
There has been little analysis of cross subsidies between policyholders in workers' compensation-either measurement or modeling of the political process. One recent exception is by Wook Kwon and Martin Grace, who examine the 10 Harrington, supra note 7. 11 For example, James R. Chelius workers' compensation 7 effects of residual-market deficits, current and lagged, on premium/loss ratios (a proxy for the expense and profit loading) in the voluntary market, the residual market, and the statewide aggregate market, using state-level data.
14 They conclude that about one-fourth of residual-market assessments are passed through to the voluntary market and that current-year residual-market deficits negatively affect both residual-market and aggregate-market loadings. These findings may be biased if current residual-market deficits (and possibly loss costs) are influenced by current premium levels.
III. Theory
Workplace accidents are multiparty accidents, for which optimal prevention requires care by employers and employees. Employers are strictly liable and are required to carry liability insurance. If insurance prices cannot reflect the expected costs of risky behavior, for example, because of asymmetric information, moral hazard undermines incentives for optimal loss control. 15 Insurance price regulation may further distort marginal insurance prices, undermining loss control incentives of employers, employees, and insurers through several channels, and, hence, lead to higher loss costs.
A. Cost-Increasing Effects of Rate Suppression
Subsidies to High-Risk Behavior. Rate regulation tends to damp experience rating, by reducing the experience modification factors and/or by reducing the base rate to which the factors apply. This reduces employers' incentives to invest in loss control, including control of employees' postinjury moral hazard-overuse of rehabilitation services and delay in return to work. With pure class rating, the employer who invests in accident prevention or claim control bears all the costs, but any benefits of lower claim costs are diffused across all policyholders in the class. Suppression of experience rating is thus expected to raise injury rates and claim costs, conditional on the distribution of firms and occupations. In addition, suppression of rate differentials may lead to an increase in the proportion of high-risk occupations and firms. These effects are expected to be greater in the residual market than in the voluntary market.
Constraints on Insurer Expense and Profit Loadings. Regulation may constrain an insurer's expense and profit markup but (largely) permit the pass-through of an increase in expected losses. If so, insurers may reduce loss control even if total costs thereby increase, because the resulting increase in losses can be (largely) passed through as higher premiums whereas the loss control expense 8 the journal of law and economics comes out of profit.
16 Reduction in insurer injury prevention programs could increase the frequency and severity of injuries; in addition, diminished effort to control invalid or excessive claims could increase claim frequency and severity, conditional on injuries. On the other hand, profit constraints that reduce quality competition could lead insurers to deny more claims, which could reduce reported claim frequency, ceteris paribus. Thus the predicted effect of insurer response to rate suppression on reported claim frequency is ambiguous, particularly for the voluntary market where quality competition would exist in the absence of rate suppression.
Pooling of Residual-Market Deficits. In the dominant residual-market model during our sample period, one or more servicing carriers are selected to administer the program in return for a fixed proportion of premiums. Any operating deficit (excess of losses plus expenses over premiums) is prorated to all insurers in proportion to their voluntary WC premium volume in the state. Since the servicing carrier bears all the costs of loss control but receives only a fraction of any resulting reduction in losses, incentives for loss control may be suboptimal. This effect would exacerbate loss growth in the residual market relative to the voluntary market, ceteris paribus. However, this free-rider incentive may be countered by the monitoring and incentive programs that exist in most states, the insurer's concern for reputation and future business, and the incentives that the servicing carrier faces for its voluntary-market business, where it bears all costs. Separate loss control programs could be established for its residual-and voluntary-market business, but this would entail fixed costs. If so, any costincreasing effects from pooling residual-market deficits are predicted to increase with the size of the residual market.
B. Winners and Losers from Rate Suppression
Modeling the market for influence over workers' compensation rates requires assumptions about the incidence of premiums and service quality. Simple theory and empirical evidence conclude that the long-run incidence of workers' compensation premiums is largely on workers, through compensating wage offsets.
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Thus the primary beneficiaries of rate suppression are workers for whom rates are suppressed below competitive levels, who benefit from higher wages or more jobs than would be available if insurers charged actuarial rates. Some benefit may also accrue to owners of immobile factors such as entrepreneurial capital, 16 Optimal loss control requires investing to the point where the marginal dollar invested in prevention or claims management reduces expected loss cost by just 1 dollar. workers' compensation 9 if insurance rates deviate from levels that were anticipated when wage rates were set or from levels that prevail for similar employees in other states.
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The costs of rate suppression-higher loss costs and reduced quality-may be partly borne by employers and employees in the cross-subsidized firms, through lower dividends, lower experience-rating credits, and reduced service quality, including denial of or delay in claim payment. Denial of medical claims by the WC insurer may shift costs to the employers' first-party medical insurance, which is typically self-insured for medium and large employers.
But if persistent rate suppression is a politically rational strategy for some classes, some of the resulting cost increase must be shifted to other policyholders or insurer equity. The results by Kwon and Grace suggest that both forms of shifting occur. 19 Here we focus on cross subsidies between policyholders within a state. Between-class transfers can result from suppression of class-rate relativities for manual rates. Within-class transfers from low to high risks can result from suppression of relative rates for residual and voluntary business, from regulatory constraints on experience rating and ex post dividends, and from other adjustments that reward policyholders for good loss experience. A more complex model and more comprehensive data would be required to analyze the shifting of losses to insurer equity.
An alternative hypothesis to explain the observed phenomena is regulatory lag in adjusting premiums, following an exogenous increase in losses. 20 These hypotheses are not necessarily mutually exclusive, since political pressure may contribute to the lag in premium adjustment. While some of our tests cannot distinguish between a purely mechanical regulatory lag model and one exacerbated by political influence, a mechanical regulatory lag model alone cannot explain the evidence on redistribution between and within classes, as discussed further below.
C. Testable Implications
The key prediction of this analysis is that rate suppression increases loss growth. With the available data, we cannot distinguish effects on injuries versus claims or the impact of incentive distortions to employers, employees, and insurers. However, the theory predicts larger effects in the residual market, owing to both greater distortion of employer/employee incentives and possible pooling effects for insurers. A possible exception is for claim frequency, where the employer/employee moral hazard that leads to higher injuries and claims could 10 the journal of law and economics be offset by higher claim rejection rates by insurers due to reduced incentives to compete on service quality, leading to lower overall reported claim frequency in residual markets. Cross subsidies are expected to result in transfer from low risks to high risks. Other factors that influence cross subsidies are discussed further below.
IV. Methodology and Data
A. Model
The theory outlined suggests the following basic estimating equation: 
B. Data
The data are from the NCCI for 5 consecutive policy years per state between 1985 and 1991 and are reported by individual rating class. For most of the analysis, we use data for eight states (Alabama, Florida, Georgia, Illinois, Louisiana, Maine, Michigan, and Virginia) that represent different regulatory regimes. These eight-state data are for the 150 largest classes in each state, with voluntarymarket and residual-market experience reported separately for each class. Although these 150 classes represent only roughly one-third of the classes in each state, they account for over 80 percent of the market as measured by risks, premium, payroll, or losses.
21 For a larger sample of 27 states, we have classwide data, that is, data not reported separately for the voluntary and residual markets. This larger sample of classwide data is used for analysis of between-class cross subsidies. Since WC claims accrue for several years after the policy is written, for each policy year we use the forecast ("fully developed") value of claims and losses based on the most recent estimate available. 22 We convert all dollar values 21 Sixty-four of the classes are in all eight states, 25 are in seven states, and 120 are present in only one state.
22 Incurred losses are reported as of 1992 for all policy years. The NCCI calculates development factors based on prior experience which are used to adjust early loss reports to estimated ultimate value. The development factors are uniform for all classes in a state, hence do not reflect any differences in payout tails between classes. Provided that any resulting error is uncorrelated with our explanatory variables, our estimates should be unbiased.
workers' compensation 11 to constant 1992 dollars using a wage index for payroll and indemnity losses, a medical index for medical losses, and a weighted average of the medical and wage index for premiums.
The NCCI rating classes are defined roughly along occupational lines. The class data on premiums, losses, payroll, and so on, reflect the pooled experience for that class from all employers who employ the class in the state, from all insurers. The premium rate for a specific employer ("risk") would be calculated as the payroll-weighted average of rates for the classes represented by its employees, but these class-level data do not report premiums for individual employers or insurers. The data do report the number of employers for which that class is the dominant share of payroll (Risks) and the number of employers reporting any data for that class (Classcount). Manual and standard (after experience rating) premium rates are expressed per $100 of payroll.
The loss data at the class level exhibit extreme stochastic variation across years; payroll and number of risks are also unstable, presumably because of switching to self-insurance and employment changes within insured firms. Because the annual time trends are very unstable, we aggregate the most recent 3 years as period t and the earliest 2 years as period and define loss growth t Ϫ 1 as the change between t and . 23 Using multiyear mean values averages out t Ϫ 1 some of the stochastic variation.
Loss Growth. We use three measures of loss growth: absolute loss growth, simple percentage loss growth, and the natural logarithm of percentage loss growth.
24 These different measures could yield different conclusions. For example, it is possible that classes with relatively high initial losses could experience more rapid absolute loss growth than classes with a lower initial loss level, but the high-cost class could still have a lower percentage growth rate. For the log measure, the growth in total loss is equal to the sum of the growth in claim frequency and severity.
Rate Suppression. Our primary measure of rate suppression is the lagged class-specific percentage of payroll in the residual market.
25 This is the best available class-specific measure of the percent of employees for whom voluntarymarket rates are perceived by insurers to be inadequate, owing to either suppression of voluntary-market rates or suppression of residual-market rates, which then constrain the rates that can be charged in the voluntary market. We use the lagged value of the residual-market share as an instrument for contemporaneous residual-market share, which could be endogenous. To the extent that the lagged residual-market share is an imprecise measure of contemporaneous rate inadequacy, the resulting measurement error reduces the precision of coefficient es- 23 The 3-year mean loss per $100 payroll is the sum of losses divided by the sum of payroll, which is effectively a weighted mean. 24 Let denote the mean for the most recent 3 policy years and denote the mean for the
prior 2 years. Absolute loss growth is , percentage loss growth is , and the
natural log of percentage loss growth is . ln (Y /Y ) 12 the journal of law and economics timates, leading to downward-biased estimates of statistical significance. As an alternative measure of regulatory stringency, we also use the ratio of filed to approved rates at the statewide level. 26 This measure of mean statewide rate inadequacy may be imprecise for individual classes.
Other Variables.
To control for state-specific statutory benefit changes, which may trigger exogenous loss shocks, we include the NCCI's estimate (lagged) of predicted percentage change in loss costs for the state. The estimated effects of this benefit change variable on loss growth may be downward biased, if states with rapidly growing losses and large residual markets are more likely to reduce their statutory benefits. 27 To test the hypothesis that the insurer moral hazard effect of residual-market risk pooling increases with the size of the residual-market deficit, we include the lagged residual-market deficit per $100 payroll in the state. 28 A vector of fixed industry effects is included to control for industry-specific determinants of loss growth. 29 In some specifications, we substitute a vector of fixed state effects for the substantive state-level variables, to control for other, unmeasured state characteristics that influence loss growth. The use of class-level data should reduce the risk of bias due to unobserved statespecific factors.
Outliers. We exclude Maine from some of the analysis reported here. Its abnormally large residual-market size and unique residual-market mechanism, with deficit sharing by employees, make its experience atypical, which could bias conclusions for other states. Including Maine generally yields similar but less precise coefficient estimates. We exclude from the regressions observations with missing data on premiums or payroll and extreme outliers, defined as observations with any loss growth measure (absolute, relative, and percentage growth in total losses, claim frequency, or severity) more than 4 standard deviations from the mean for that variable. Such extreme deviations most likely reflect the stochastic variation in losses for small classes. This reduced the sample from 1,050 (after omitting Maine) to 860 observations. Selection Bias. The theoretical model considers rate suppression's effect on loss growth for a group of policies with specified risk characteristics. The observed measures of loss growth in the residual market may be downward (upward) biased when the residual market is growing (shrinking), assuming that the highest risks are assigned first to the residual market, such that the expected cost 26 For previous uses of this measures, see Klein, Nordman, & Fritz, supra note 3; and Scott E. Harrington & Patricia M. Danzon, Rate Regulation, Safety Incentives and Loss Growth in Workers' Compensation Insurance, 73 J. Bus. 569 (2000) . 27 The NCCI measure is a weighted average of estimated effects of statutory changes on the severity of different types of claims, using the most current distribution of injury costs, that is, without adjustment for potential changes in accident or claim frequency. 28 The correlation between statewide residual-market deficit and class-specific residual-market share is .45 (excluding Maine). 29 We use the NCCI class and industry definitions, which are similar but not identical to Standard Industrial Classification definitions.
workers' compensation 13 of the marginal risk is less than the average risk. A similar downward bias in estimated loss growth occurs in the voluntary market because the average expected loss per exposure unit declines as the voluntary market shrinks, assuming that the lowest risks are the last to be assigned to the residual market. We therefore include the growth in the residual-market share, as a control for selection bias. If shifting of risks between the voluntary and residual markets is significant, including this control is expected to increase the estimated effect of rate suppression on loss growth in the voluntary and residual markets separately. Estimates of classwide loss growth, for voluntary and residual markets combined, should be unaffected by switching between the submarkets, assuming that the total exposure base remains unchanged.
The self-selection of lower risks to self-insurance could lead to upward-biased estimates of regulation-induced loss growth, if residual-market rate suppression raises the deficit tax on voluntary-market premiums and hence increases incentives for low risks to self-insure. 30 However, our measure of rate suppression-residual-market share of payroll-primarily reflects rate suppression in the voluntary market, which should reduce the cost of market insurance relative to self-insurance and hence reduce incentives to self-insure, ceteris paribus. Any selection bias due to self-insurance is more likely to affect the coefficient estimates on the statewide residual-market deficit, which measures the potential tax on voluntary-market premiums.
Heteroscedasticity. Since the dependent variable reflects loss experience for a class of risks, the residual variance may be related to size of insured payroll, j ijs via the law of large numbers, but may also be related to other unmeasured factors. A White test indicates significant heteroscedasticity for some ordinary least squares (OLS) regressions. We therefore report approximate t-statistics using White standard errors. Preliminary analysis showed little if any advantage from using weighted least squares (WLS), with weights defined as either the square root of payroll or the predicted value from a regression of OLS squared residuals on the inverse of payroll and number of risks. Table 1 reports alternative measures of mean statewide rate suppression: the residual-market share of premiums, payroll, and risks; the loss ratio, often used as a measure of price to the insured or profitability to the insurer; 31 and the ratio of filed to approved rates. The mean residual-market share of payroll is similar 30 Anne M. Carroll, The Role of Regulation in the Demand for Workers' Compensation SelfInsurance, 13 J. Ins. Reg. 168 (1994) , provides evidence that higher ratios of premiums to losses increase the self-insurance proportion, implying that overall rate suppression might reduce the use of self-insurance. No relationship is found between residual-market share and the self-insurance variable. 31 The statewide loss ratio is the unweighted mean of class-specific loss ratios, where each class loss ratio is the 5-year mean of losses divided by the 5-year mean of premiums. to the share of premium but consistently less than share of risks. This implies that firms in the residual market on average have fewer employees and/or lower wages than firms in the voluntary market. The ranking of states by loss ratios is similar to the ranking by residual-market shares, which confirms that the size of residual market is a measure of rate inadequacy. The ranking by the filed-toapproved ratio is less consistent, possibly because this regulatory stringency measure reflects the magnitude of the difference between filed and approved rates, rather than the percent of payroll for which the filed rates are inadequate. Table 2 compares mean claim frequency, claim severity, and total loss per dollar of payroll, for the voluntary and residual markets in each state, for the base period and the most recent period . The market mean is the unweighted mean across classes, and each class observation is the weighted mean over the years included.
C. Descriptive Statistics
32 In all states except Maine, both claim frequency 16 the journal of law and economics and total loss per $100 of payroll are significantly higher in the residual market than in the voluntary market. Claim severity is also higher in the residual market than in the voluntary market, except in Alabama, Louisiana, and Maine. The number of risks per $10,000 payroll is two to three times higher in the residual market than in the voluntary market (except in Maine), which is further evidence suggesting that residual-market risks are on average smaller firms. 33 Maine is anomalous in having the largest residual-market share (78 percent of payroll, 79 percent of premium, and 87 percent of risks), the highest loss per $100 payroll, and higher claim frequency and severity in the voluntary market than in the residual market. This may reflect random noise, given the small exposure base in the voluntary market.
The evidence in Tables 1 and 2 shows persistent differences across states in several measures of rate suppression. This is consistent with the hypothesis that deviations from actuarial rates reflect political influence rather than simply stochastic shocks, in which case they should average out over time. Persistence in rate suppression clearly spans several rating periods with clear evidence of rate inadequacy, which seems inconsistent with a purely mechanical regulatory lag model. Table 3 reports the absolute, percentage, and log percentage measures of mean growth rates over all classes in the seven states excluding Maine. The standard deviations are often several times larger than the means because of small class size. The mean percentage growth in total loss per $100 payroll between the two time periods was 16.9 percent, or roughly 7 percent a year. Growth was over twice as high in the residual market (37 percent) as in the voluntary market (15.2 percent). This growth in losses is driven primarily by growth in claim severity, for which the marketwide average mean growth is 15.6 percent, composed of 33.9 percent for the residual market and 17.2 percent for the voluntary market.
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Claim frequency grew 2.7 percent overall, composed of an 8.5 percent increase for the residual market and only a .7 percent increase in the voluntary market. The more rapid growth in claim frequency in the residual market than in the voluntary market suggests that any incentive for insurers to deny claims in response to rate suppression is more than offset by the claim-increasing effects of weak incentives for loss control by employers, employees, and insurers. For claim severity, which has higher stochastic variance, the ranking of the residual and voluntary markets depends on the measure used.
The mean increase in premium per $100 of payroll is 20.5 percent for the total market, composed of 23.4 percent in the residual market and 19.6 percent in the voluntary market. This compares to an increase in loss per $100 payroll of 37.1 percent for the residual market and 19.6 for the voluntary market. This 33 Number of risks per $10,000 payroll is an approximate measure of firm size because risks includes only the firms for which this is the dominant class, whereas payroll includes the payroll of all firms with this class. 34 It is possible for the mean for the total market to be less than the means for the two submarkets. The correlation between absolute growth and simple percentage growth in loss per $100 payroll is .73. Classes with a relatively high initial residual-market share experienced more rapid growth in their residual-market share ( ). r p .25 Statutory benefit growth is negatively correlated with initial residual-market share ( ), which suggests that benefit constraint was one response to residualr p Ϫ.13 market problems.
V. Effects of Rate Suppression on Cost Growth
Tables 4 and 5 report three specifications for the effects of rate suppression on absolute and log percentage growth of losses and premiums, respectively. To control for state-specific influences on loss growth, equation (1) includes fixed state effects. Equations (2) and (3) replace the fixed state effects with substantive state variables: the lagged predicted growth in benefit costs for the state; the growth in class-specific residual-market share, to control for between-market selection effects; and the residual-market deficit per $100 payroll. The reduction in the adjusted R 2 , relative to equation (1), indicates that the substantive statelevel variables only partially control for all state-specific influences on loss growth. All equations include fixed industry effects. Table 4 confirms that absolute growth in loss per $100 payroll is positively related to rate suppression. The estimated effect is almost 10 times greater in the residual market than in the voluntary market, where it is not significantly different from zero. Controlling for the statewide residual-market growth (equation (2)) boosts the size and the significance of the estimated effect of rate suppression on loss growth in the residual market, but the effect in the voluntary market is still insignificant. The coefficient of residual-market growth is negative and significant for the residual and voluntary markets separately, but it is insignificant for the total market. These findings are consistent with the selection hypothesis, that residual-market growth lowers the mean risk level in both the residual and voluntary submarkets. Thus equation (1), which does not control for selection bias, provides downward-biased estimates of the effects of rate suppression on loss growth. The results for log percentage growth (Table 5) are similar, implying that rate suppression resulted in greater percentage cost growth for classes that started at an initially higher level of costs.
A. Total Loss per $100 Payroll
For the residual market, these effects are economically as well as statistically workers' compensation 21 significant. From Table 4 , equation (2), a 10 percentage point increase in residual-market share implies an increase in absolute loss growth for the residual market of .007, which is two-thirds as large as the mean absolute loss growth of .0105 (see Table 3 ) for the residual market during the sample period. From Table 5 , equation (2), a 10 percentage point increase in residual-market share implies a 4.4 percentage point increase in log percentage loss growth, compared to the sample mean log percentage loss growth of 10 percent.
B. Claim Severity (Loss/Claim)
Absolute growth in claim severity is positively related to rate suppression, with larger effects in the residual market than in the voluntary market, after controlling for selection bias. This is consistent with the hypothesis of greater employer moral hazard in the residual market and possibly suboptimal insurer loss control due to the pooling of losses and weak incentives for quality competition. The positive association between rate suppression and claim severity growth in the voluntary market plausibly reflects attenuation of experience rating and constraints on insurer expense margins that often accompany suppression of average rate levels. 35 For log percentage growth, rate suppression is not significant. This suggests that the positive effect of rate suppression on absolute severity growth is not large enough to generate a positive percentage effect. In general, explanatory power as measured by adjusted R 2 is lower for the log percentage growth rate than for absolute growth.
C. Claim Frequency (Claims/Payroll)
At the marketwide level, claim frequency growth is not significantly related to rate suppression. However, this null overall effect masks a positive effect of rate suppression on claim frequency growth in the residual market and a negative but marginally significant effect in the voluntary market. These conclusions hold for both absolute growth and log percentage growth. Recall that the effect of rate suppression on reported claim frequency is theoretically ambiguous, because the positive effect on injuries, due to reduced loss control, could be offset by lower service quality including higher claim rejection rates and hence lower reported frequency. The findings here suggest that the tendency for rate suppression to increase injury rates dominates in the residual market, whereas the negative quality effect dominates in the voluntary market, as expected.
Growth in claim frequency is higher in states where the residual-market share increased over the period, although the relationship is negative but insignificant for the voluntary and residual markets separately. The positive association at the statewide level could reflect selection bias, if the proportion of premiums selfinsured is positively related to growth in residual-market share and residual-22 the journal of law and economics market burden; it could also reflect other omitted variables that are correlated with residual-market share growth.
The insignificant overall effect of statutory benefit growth on total losses masks different effects across submarkets. Statutory benefit growth is positively related to claim frequency growth in the residual market but negatively related to frequency growth in the voluntary market. These findings are consistent with the evidence that the cost-increasing effects of benefit growth are greater where experience rating is weak.
36
D. Premium Growth
Premium growth per $100 payroll is significantly positively related to rate suppression, for the total market and for the voluntary and residual submarkets separately. The coefficients for premium growth are similar for the voluntary and residual markets, whereas total loss growth is not related to rate suppression for the voluntary market. Thus the positive effect of rate suppression on voluntary-market premiums appears primarily to reflect cost shifting from the residual market, confirming that residual-market deficits are borne in part by policyholders in the voluntary market in the same state. From equation (2), for the residual market, a 10 percentage point increase in residual-market share implies an increase in absolute premium growth of .0052, about one-third as large as the sample mean premium growth of .0153. The predicted increase in log percentage premium growth for the residual market is 4.2 percentage points, compared to the mean value of 19.2. For the voluntary market, the predicted increases in absolute and log percentage premium growth from a 10 percentage point increase in residual-market share are .0044 and .039, respectively, compared to the sample means of .011 and .166. Again, these measures are clearly economically significant.
Premium growth is also significantly positively related to lagged statutory benefit growth. The coefficients for percentage growth are significantly greater than one and greater in the residual market than in the voluntary market, although coefficients for losses are less than one in all three markets. The larger coefficients in the premium equations could reflect a lag in adjusting premiums; it could also reflect other, unobservable state characteristics that are correlated with lagged benefit growth.
The statewide residual-market deficit per $100 payroll was expected to be positively related to loss growth in the residual market, under the joint hypothesis that pooling residual-market losses undermines loss control and that this effect is greater the larger the size of the residual-market deficit. Contrary to this prediction, this variable is generally either negative or insignificant in the residualmarket equations for loss growth. However, it is significantly positively related workers' compensation 23 to premium growth, with a greater effect in the voluntary market than in the residual market. This is further evidence that residual-market deficits are at least partly passed through to other policyholders in the same state.
VI. Cross-Subsidy Effects of Rate Regulation
A. Theory of Political Influence
Rate regulation permits at least three types of cross subsidy: overall statewide rate inadequacy, with losses borne by insurer equity; between-class cross subsidies, which may depend on and distort the industrial mix within a state but leave unaffected the competitive positions of different firms within an industry; and within-class cross subsidies, which may affect the relative position of different firms within a class or industry. These transfers are not mutually exclusive, and the norm is probably a combination of all three. We focus here on betweenclass and within-class cross subsidies.
Applying the theory of political influence developed by George Stigler, Gary Becker, and Sam Peltzman, we assume that potential interest groups make rational investments in political pressure, weighing the expected benefits and costs of investing in influence. 37 Politicians and regulators are viewed as rational intermediaries, responding to influence in the form of money and votes. The political power of a group depends on the number of votes and dollar resources that it can bring to bear, which depend on the total value of the potential subsidy to the group, net of the costs of organization. Larger groups generally have higher stakes and greater voting power, other things equal. Offsetting this advantage of size is that a given subsidy rate to a large group must be financed by either a higher tax rate on other groups or a broader tax base.
For a given potential subsidy to a group, its effective power is expected to be greater the more concentrated the benefits and the smaller the number of stakeholders. This assumes that becoming informed and organizing to exert pressure entail a fixed cost per firm, such that costs of organization are larger, relative to expected benefits, the greater the number of stakeholders. A group with a larger number of stakeholders also faces greater free-rider incentives. On the other hand, it may command more votes.
The theory of political influence often does not yield sharp, testable hypotheses, and measurement of subsidies and political influence is necessarily indirect. Nevertheless, these general principles suggest several hypotheses about the characteristics of classes that are likely to be winners and losers from workers' compensation rate regulation.
37 See Stigler, supra note 2; Becker, supra note 2; Peltzman, supra note 2. For application of these models to automobile insurance, see Harrington, supra note 7; Scott E. Harrington, Taxing 
B. Data and Methods
The theory of political influence suggests a general model of between-class subsidies: 
Measuring Subsidies
Between-Class Subsidies. We use two measures of mean class subsidy. The residual-market share of payroll (Risks) is a rough measure of percent of employees (Firms) in the class who pay subsidized rates as a result of regulation. The statewide loss ratio (Loss/Standard Premium) for the class measures the average loading charge or price of insurance for the class. Within-Class Subsidies. The hypothesis of within-class cross subsidies predicts that the level and growth of voluntary-market premiums is disproportionately related to the class-specific residual-market deficit, controlling for actuarial variables and the statewide residual-market deficit. We use the (log) voluntary premium per $100 payroll and its growth.
Political Influence
Relative Class Size. Large class payroll, relative to the mean payroll per class for the state (Payroll is /Payroll ms ), indicates a relatively large proportion of employees in the class and hence relatively high stakes and proportion of votes represented by the class. 39 On the other hand, a subsidy of, say, 20 percent for a class that accounts for 10 percent of state payroll requires higher taxes on other stakeholders than for a class that represents only .1 percent of state payroll. The implication is that relatively large classes may be subsidized but in any case are unlikely to be severely taxed.
High Risks. Classes with relatively high expected loss per $100 payroll are likely to benefit from subsidies for several reasons. High-risk classes have a greater impact on an employer's overall premium cost, ceteris paribus, hence 38 Since the standard premium for each class reflects experience rating but does not reflect dividends or schedule credits, our premium and loss ratio measures may overestimate subsidies to high risks and implicit taxes on good risks. However, insurers often deviate by a fixed percentage from manual rates, and such deviations from standard premiums are likely to be small in states with significant rate suppression. 39 Controlling for low wages per employee (see below), large relative payroll indicates a class with a relatively large number of employees.
workers' compensation 25 the potential gain from a given percentage suppression of rates is greater. Equity norms may favor cross subsidies to occupations with high loss relative to wages, which would reduce opposition to rate suppression for these classes. Subsidies to high-risk firms could yield efficiency gains by increasing the proportion of such firms that purchase coverage, thereby reducing negative externalities that may result if uninsured losses are shifted to other firms. 40 As measures of high risk, we use claim frequency (log(Claims/$100 Payroll)) and claim severity (log(Loss/Claim)). The natural log transform is used to reflect declining marginal influence of this motive for subsidy and to reduce outlier influence.
Low-Wage Workers. Actuarially fair premiums are likely to be a larger percent of payroll for low-wage occupations for several reasons. First, unskilled jobs may entail greater intrinsic injury risk, and unskilled workers may also be less skilled at avoiding accidents. Second, the WC benefit structure provides a higher wage replacement rate for low-wage workers, and the elasticity of medical loss per claim with respect to wage level is plausibly less than unity. 41 Third, since the residual-market deficit allocation is proportional to premium, the deficit tax rate per dollar of payroll and per employee is higher on classes with high premium rates per payroll dollar. This inequity of the residual-market tax system may be another reason favoring cross subsidies to low-wage classes. We do not have class-level data on wages per employee. However, loss per $100 payroll is expected to be positively correlated with low wages. Thus classes with high loss per $100 payroll are expected to be beneficiaries of rate suppression, because of both low wages and high risk. These two effects are empirically indistinguishable with our data.
Firm Size. Large firms face fewer regulatory constraints on self-insurance than small firms and have size-related advantages of risk bearing, which suggests that large firms are less likely to be taxed, other things equal. However, small firm size is likely to be correlated with in-state ownership of a high proportion of capital, which may be associated with low cost of exerting influence. In-state ownership of capital would not affect political influence if the full incidence of rate suppression-costs and benefits-is on workers, all of whom are in-state residents. But if the incidence of workers' compensation costs is partly on entrepreneurial capital or other immobile firm-specific factors, then domestic firms may be more successful at exerting political pressure than out-of-state firms. On the other hand, state-specific sunk investments are vulnerable to appropriation 40 Coverage is optional for very small firms, many of which are high risk. Harrington, supra note 5, applies a similar analysis to high-risk drivers, who are major beneficiaries from rate regulation in automobile insurance. 41 Although the income elasticity of demand for medical care is positive in broad cross sections and in time series, this does not necessarily apply to postinjury use of medical services. Moreover, because workers' compensation has very low if any co-payments and these are uniform across income levels, the insurance-induced positive correlation between income and medical care use that is observed in health insurance data (wealthier families buy more coverage and hence face lower point-of-service prices) does not apply to medical expense covered by workers' compensation.
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the journal of law and economics of quasi rents, which could make in-state employer capital vulnerable to regulatory "taxes." If firms with out-of-state ownership have lower state-specific investments, they can make a credible threat to move out of state and hence are less likely to be heavily taxed.
Thus the predicted net effect of firm size on political influence is theoretically ambiguous. Small firms are expected to benefit from rate suppression under the joint hypothesis that small size is correlated with in-state ownership and in-state ownership reduces the costs of political influence by enough to outweigh the disadvantages of small size for self-insurance. As a rough measure of firm size, we use payroll per firm in the class (log(Payroll is /Classcount is )).
Concentrated versus Diffuse Classes. The expected return to an employer from investment in influencing rates is greater for classes that account for a relatively large share of its payroll and premium. Moreover, free-rider effects are expected to reduce the political influence of classes that are dispersed over a large number of employers, compared to concentrated classes. Classes that have a relatively large number of employers that employ that class (Classcount is / Classcount ms ) are relatively diffuse and hence are expected to be politically weak owing to free-rider effects. Classes that have a relatively large number of risks, relative to the mean number of risks per class in the state (Risk is /Risks ms ), are the dominant class for a relatively large number of firms and hence are expected to benefit from rate suppression. However, controlling for relative payroll, a high value of relative risks could reflect predominantly small firms. In practice, high correlation between these measures makes estimation of their separate effects tentative.
42
Class Concentration across States. Occupations that are employed in many states are likely to be relatively mobile, in which case they cannot be heavily taxed in individual states. On the other hand, classes that are concentrated in a few states may have a greater payoff and lower costs of obtaining rate suppression in those states. We use a Herfindahl index of the concentration of each class across the 27 states in our database. It is expected to be positively related to rate suppression, if the benefits of concentration outweigh the disadvantages of immobility.
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Industry Effects. The economic model of political influence emphasizes the importance of relative power. Thus the industry mix of beneficiary classes could differ across states, depending on industry mix. On the other hand, certain industry characteristics-for example, unionization-could enhance the political workers' compensation 27 influence of particular classes in most states. A vector of fixed industry effects tests for such industry-specific effects.
C. Empirical Evidence of Cross Subsidies
Except where indicated, the analysis uses the same sample of 5 years for the 150 largest classes in seven states. Illinois is omitted because of missing data on Classcount. To average out some of the stochastic variation, we use 3-and 2-year mean values for periods t and , respectively. Lagged values are used t Ϫ 1 as instruments for explanatory variables that are potentially endogenous and for political variables that are expected to affect premiums with a lag.
Between-Class Cross Subsidies
Residual-Market Shares. Our first test of the model of political influence uses the log odds of class-specific residual market as a measure of political influence. Table 6 reports results for both share of payroll and share of risks.
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The first equation includes the statewide ratio of filed to approved rates, to control for the mean statewide level of rate suppression, and current and lagged statutory benefit growth, to control for possible lags in adjusting premiums to reflect benefit changes. The second equation replaces these substantive state variables with fixed state effects. The third equation adds fixed industry effects. The results are generally consistent with the theory of political influence and similar for the residual-market share of payroll and risks.
Subsidies are significantly positively related to claim frequency and claim severity, consistent with the hypothesis that classes with relatively high loss per dollar payroll, owing to either high-risk activities or low wages, have greater incentives to seek subsidies and/or face less resistance. Classes with relatively large payroll, relative to mean class payroll in a state (Payroll is /Payroll ms ), have higher residual-market shares, which suggests that number of employees enhances political influence. Residual-market share is negatively related to mean firm size (Payroll is /Classcount is ), which implies that small firms are more likely to benefit from rate suppression. This suggests that any advantage of large firm size, owing to lower costs of self-insurance, is on average offset by the greater political advantage of smaller firms that are presumably more frequently locally owned. The significant negative coefficient on relatively diffuse classes (Classcount is / Classcount ms ) supports the hypothesis that diffuse classes are politically weak, owing to low stakes per firm and free-rider problems. The insignificant or negative coefficient on relative number of risks (Risks is /Risks ms ) is inconsistent with the hypothesis that relatively dominant classes are influential. However, these conclusions are tentative because of high correlation between these variables and relative payroll size. Note.-Absolute t-statistics using White standard errors are in parentheses.
The ratio of filed to approved rates is strongly positively related to residualmarket shares, as expected. 45 Contrary to expectations, both current and lagged growth in statutory benefits are negatively related to residual-market shares. This could reflect correlation with other omitted state characteristics or reverse causality-that statutory changes to reduce benefits were enacted in states with very high residual-market shares. Of the 18 industry dummies, eight are significantly negative and the remainder are insignificant relative to agriculture (the omitted class), which suggests that agriculture is an unusually large beneficiary of rate suppression. Adding fixed industry effects increases the adjusted R 2 by only 3.3 percentage points, which suggests that industry is not an important determinant of political influence.
Classwide Loss Ratios. & Stat. 334 (1990) . In this case, the t-statistics are sufficiently large that they are likely to be significant even after adjustment for potential bias.
workers' compensation 31 ratio (voluntary plus residual market). 46 The sample in these equations includes all classes in the 27 states for which 5 years of NCCI data are available. The first equation includes only class-specific variables; the second equation adds fixed industry effects; the third equation adds state fixed effects. To test whether the measures of relative influence have greater impact in heavily regulated states, we include two interactions with an indicator R, defined as one for states in the top third of the distribution of residual-market shares and zero otherwise. The low adjusted R 2 reflects the extreme variation in these class-specific loss ratios. Nevertheless, some variables are significant and consistent with predictions.
Loss ratios are significantly positively related to lagged claim frequency and claim severity, which implies that classes with relatively high loss/payroll or relatively low wages per employee are systematically subsidized, consistent with the evidence from residual-market analysis in Table 6 . Loss ratios are positively related to firm size (log(Payroll is /Risks is )), which implies that large firms pay lower prices. This plausibly reflects scale economies in expense loadings for large firms 47 and hence is not inconsistent with the evidence in Table 6 that residual-market shares are inversely related to firm size. Loss ratios are significantly higher for classes with a relatively large number of risks, consistent with the prediction that dominant classes benefit from regulation. Effects are not significantly different in heavily regulated states.
The coefficient of the Herfindahl index is negative. The implication that more diffuse classes have higher loss ratios suggests that mobility across states protects a class against excessive rates. Adding fixed industry effects has a negligible effect on the adjusted R 2 , which confirms that industry effects are not strongly consistent across states. By contrast, state fixed effects explain an additional 7 percentage points.
Within-Class Cross Subsidies
In Table 8 , both voluntary-market premium levels and premium growth are significantly positively related to the class-specific residual-market deficit, in addition to the statewide deficit. This is consistent with the hypothesis of withinclass as well as between-class cross subsidies. Voluntary-market premiums are significantly lower for classes with relatively large payroll and significantly higher for diffuse classes, after controlling for actuarial factors. This is consistent with earlier results that classes with relatively large stakes or voting power and relatively concentrated classes are more likely to benefit from cross subsidies. Premium levels are also lower for classes that are frequently dominant classes for employers. The actuarial variables are as expected: premiums and premium growth are positively related to expected losses (lagged Loss is /Payroll is ) and 46 The log transform reduces the influence of extreme values. Observations at more than 4 standard deviations from the mean were eliminated. 47 Chelius & Kavanaugh, supra note 11.
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the journal of law and economics Equation (1) Equation (2) Equation (1) Equation (2 negatively related to firm size (Payroll is /Classcount is ), which confirms that large firms pay lower expense loadings. Industry fixed effects again add little additional explanatory power.
VII. Conclusions
These class data for workers' compensation insurance confirm the basic hypothesis that rate suppression exacerbates loss growth and hence ultimately leads to higher premiums, contrary to its initial intent. These effects are economically as well as statistically significant. The loss-increasing effects are greater in the residual market than in the voluntary market, consistent with greater employer moral hazard in the residual market, due to greater suppression of overall rate levels, attenuation of experience rating, and possibly weaker insurer incentives for loss control in the residual market. The finding of no significant relation between loss growth and the size of the statewide residual-market deficit is inconsistent with the joint hypothesis that pooling reduces insurer incentives for loss control and that the effect becomes greater as the total size of the residual market and deficit increase.
workers' compensation
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There is strong evidence that rate suppression in workers' compensation results in persistent cross subsidies at three levels: between classes within a state, between low-and high-risk employers within classes in a state, and to policyholders statewide, presumably from insurer equity. The analysis here has focused on between-and within-class cross subsidies. These increase as statewide rate suppression increases (see the Appendix). The patterns of cross subsidies are consistent with predictions from a simple model of political influence. High risks and possibly low-wage workers are generally beneficiaries, owing to higher stakes and possibly less opposition. Relatively large classes and relatively concentrated classes generally benefit from rate suppression. Small firms are beneficiaries, presumably because of advantages in local influence or because small employers have greater personal stakes in influencing outcomes owing to immobile capital. Industry effects are generally weak, but state-specific effects are strong. Understanding the forces that lead to severe statewide rate suppression in some states remains an important topic for future research.
Purely mechanical regulatory lag may contribute to the delay in adjusting premiums in the face of exogenous loss shocks. However, a simple regulatory lag model cannot readily explain how rate inadequacy can continue for more than 5 years, spanning multiple rating periods and despite clear evidence of the inadequacy. The simple regulatory lag model also cannot explain the evidence on redistribution, with some of the cost of rate inadequacy shifted to voluntarymarket policyholders. Moreover, the pattern of redistribution between classes is consistent with predictions of a simple model of political influence. Since rate suppression is counterproductive as well as obvious, its persistence seems implausible in the absence of political pressure from beneficiaries.
The evidence here suggests that rate regulation permits short-term gains by some groups, notably those with high risks, at the expense of those with lower risks and insurer equity. But in the long run it is a negative-sum game because rate suppression exacerbates loss growth. There may be a social concern to subsidize high-risk firms and activities, although no such objective is explicit in the regulatory language. This analysis suggests that the costs of such subsidies should be weighed against any perceived benefits. Rate regulation that encourages risky behavior and hence increases the growth of workers' compensation losses is a high-cost mechanism for achieving these goals.
APPENDIX Further Evidence of Cross Subsidies
As a test of the hypothesis that at least some of the increase in statewide mean rate suppression is borne by other policyholders within the state, we examined the relationship between mean loss ratio and dispersion of loss ratios across classes within a state. If an increase in statewide rate suppression entails increased cross subsidies between classes within the state, then states with relatively high mean loss ratios should have greater dispersion in loss ratios between classes, reflecting the use of excessive premiums (relative to losses) for taxed classes to subsidize inadequate premiums for other classes. If a higher
